Background: Preeclampsia (PE) is one of the most common pregnancy complications affecting approximately 5-7% of pregnant women worldwide. Pathogenesis of PE is still mysterious. Literature studies reported differences between early and late onset PE. Also, whether placenta of late-onset PE without fetal growth restriction (FGR) is different from normal one needs further declaration. Objective: This study aims at evaluating the placental microvessel density (MVD), apoptosis and endoglin (CD105) expression in late-onset PE without FGR. Patients and Methods: Placentae of 15 PE and 15 matched control ones were evaluated grossly, microscopically and by immunohistochemistry for caspase-3, CD 34 and CD105. Results: Placentas in PE group showed a statistically significant difference as regard size, syncytial knots, perivillous fibrin deposition, villous infarction increased apoptosis, and endoglin (CD105) expression. However, the percentage of terminal villi and microvessel density (MVD) were comparable in both groups. Conclusion: Placenta from late onset PE without FGR is still different from the normal placenta whatever time onset of PE pathogenesis may be similar. Absence of changes in MVD may explain good fetal outcome.
INTRODUCTION
Being one of the most common pregnancy complications, preeclampsia (PE) is a major cause of fetal and maternal mortality. Approximately 4-7% of pregnant women worldwide are affected [1] .
It is diagnosed by the presence of hypertension and proteinuria after 20 weeks of gestational age in a previously normotensive one. There are endothelial dysfunction and inflammatory conditions in multiple organs [2] .
Early-onset (placental PE) is associated with abnormal placental perfusion, low birth weight neonates and poor maternal outcomes. On the other hand, lateonset (maternal) PE occurs with better fetal outcome [3] .
Despite being well characterized clinically, pathogenesis of PE is still mysterious. Many theories have been proposed. It has been suggested that PE is characterized by defective cytotrophoblastic proliferation with increased apoptosis and defective cell fusion with subsequent diminished syncytial differentiation. This may lead to defective trophoblast invasion with insufficient placentation [4] .
Consequently, there is placental hypoxia that results in oxidative stress, production of debris and cytokines and a local inflammatory reaction. Moreover, increased apoptosis of the trophoblastic cells has been reported as an important component of PE pathogenesis which can result in deprivation of placental vasculature from angiogenic factors and release of antiangiogenic substances.
Such antiangiogenic substances (serum CD105) and inflammatory cytokines released into the maternal circulation can lead to systemic inflammatory response and endothelial dysfunction [5, 6] .
Many studies have been done worldwide to unravel the mysteries of the placenta and to add evidence to the existing clinicopathological correlation studies. Whether these alterations considering apoptosis of the trophoblastic cells with the subsequent reduction in angiogenic factors will affect the fetal vascular development or not, this needs further declaration.
AIM OF THE WORK
This study aims at evaluating the placental apoptosis, CD105 expression and microvessel density (MVD) (fetal vasculature) in late-onset PE without fetal growth restriction (FGR).
PATIENTS AND METHODS
The present study is an observational case-control study that included placentas from 15 cases of PE compared with 15 other normal matched cases.
After elective cesarean section at Obstetrics and Gynecology Department at Mansoura University Hospitals, placentas for cases and control were sent to the Pathology Department. This study was carried out during the period between January 2017 and June 2017.
Pregnancy duration was calculated from the last normal menstrual period and ultrasound. PE was diagnosed when blood pressure was elevated more than 140/90 mmHg together with proteinuria of 300 mg/24 hours after 20 weeks of gestational age. Those women had no previous history of hypertension [2] .
Inclusion criteria were placentas of late-onset PE when manifestations appeared after the 34 th week of gestation and these patients did not have fetal growth restriction [2] .
Those patients who were in labor or had premature rupture of membranes or had preexisting medical conditions such as diabetes, chronic hypertension and renal disorder were excluded.
For the control group, 15 placentas were collected from normotensive pregnant women who were also delivered by cesarean section.
The Ethics Committee of Mansoura Faculty of Medicine approved this work.
Immediately after delivery, placentas were placed in 10% buffered formalin and left over night for fixation in the pathology laboratory.
Placentas were examined grossly mainly for their weight, shape, presence of thrombosed vessels and hemorrhage or calcifications. We used a cut off weight of 500 gm, below which is considered small and above or equal is considered average.
Sections were taken, processed and stained with routine H&E. Stains H&E sections were examined microscopically for features of placental hypoxic injury including the percentage of -Syncytial knots -Fibrin deposits in the intervillous space -Villous infarction -Terminal villi in relation to the whole villi Syncytial knots were recognized when five or more nuclei of syncytiotrophoblast projecting from the villous surface [7] .
Terminal villi, are smaller with less stroma, a discontinuous cytotrophoblast layer and contain 4-6 fetal capillaries per cross section. The fetal capillaries of the villous core oppose against thin attenuated syncytiotrophoblasts forming vasculo-syncytial membranes.
Increased perivillous fibrin deposits were considered when more than one-quarter of the villi were involved [7] .
Additional sections were cut at 4um thickness and immunostained with antibodies for CD34, caspase 3 and (CD105) endoglin. After deparaffinization and rehydration, antigen retrieval was done in a pressure cooker until boiling (20 min) after placing the sections in EDTA (for both CD34 and CD105). Then, sections were incubated with the primary antibody for 1 hour at room temperature. The primary antibody for CD 34 was a mouse monoclonal antibody (Dako, IS 632) as well as for CD105 (Thermo, 1290P0), while for caspase it is rabbit polyclonal antibody (Neo Markers Fremont CA, RB-1197-P0). This was followed by application of secondary antibody, DAB, counterstaining then dehydration and mounting.
Interpretation of IHC: For assessment of MVD:
Number of capillaries in placental villi in 3 microscopic fields for each case was counted using image analysis software (VT test) and the mean was calculated.
For assessment of apoptosis:
Sections immunostained with caspase 3 were evaluated as regard intensity and percentage of positive trophoblastic cells then H score was calculated. Cytoplasmic reaction is considered positive.
For assessment of endoglin (CD105):
Membranous reaction is considered positive. Intensity and percentage of positive cells were recorded in the form of H score.
STATISTICAL ANALYSIS
Data were analyzed by the use of IBM SPSS software package version 20.0. Qualitative data were described using percent and number. Quantitative ones were described using median (maximum and minimum) for non-parametric data and mean, standard deviation for parametric data after testing normality using KolmogrovSmirnov test. Significance was judged at the 5% level.
The used tests were: 
RESULTS
Placentas for 15 cases of PE were compared to those of 15 age matched control cases. Age of cases and duration of pregnancy in both groups was illustrated in Table 1 .
On gross examination 6 out of 15 placentas in PE group were smaller in weight compared to control ones and the difference was statistically significant. Grossly detected thrombosis was evident in only one case of PE as well as calcification.
The percentage of villi containing syncytial knots was greater in PE than in the control group with a statistically significant difference. The percentages perivillous fibrin deposition was significantly increased in PE compared with control.
Similarly, the percentage of villous infarction was more in PE than control. The difference was statistically significant.
However, there was no difference between both groups regarding the percentage of terminal villi (Table 1) .
No statistically significant difference has been recorded between both groups considering MVD (Table 1 ).
There has been increased apoptosis of both cyto and syncytiotrophoblastic cells as evidenced by moderate to strong cytoplasmic staining for caspase 3 that is seen in 70% of villi. On the other hand, immunostaining for caspase 3 in normal placentas revealed moderate to weak staining reaction. The difference in H score between cases and control was statistically significant (P<0.001) (Figure 1 ).
We found a statistically significant difference between both groups as regards H score (P<0.001) being more in PE (Figure 2 ). 
DISCUSSION
PE is a multisystem pregnancy related disorder with known maternal and fetal complications. Despite being well characterized clinically its mechanisms are still an enigma. However, it became well known that placental ischemia is the core of pathophysiology. Molecular defects in cytotrophoblasts have been suggested to be the underlying cause. These results increased trophoblastic apoptosis with subsequent defective trophoblastic invasion into spiral arteries decreased angiogenic and increased antiangiogenic factors.
We have gone through the study trying to answer a question; Does placenta of late onset PE without FGR differ from the normal one?
Yes, we have found differences concerning placental size, histomorphology as well as immunohistochemical findings. However, MVD was nearly similar.
There has been a statistically significant difference in weight being smaller in PE. This was in concordance to Predoi et al. (2015) Sankar et al., (2013) and Higgins et al., (2015) [1, 8, 9] .
As regard histopathological findings, the presence of syncytial knots, villous infarction and perivillous fibrin showed a statistically significant difference between PE and control group. On the other hand, there was no statistically significant difference considering terminal villi. This may be because the cases in the current study were all late-onset PE without FGR who delivered at term where normally placenta is expected to show this feature. Similar to our results, Sankar et al. (2012) and Ptacek et al., (2016) reported increased syncytial knots in PE placentas with statistically significant difference [10, 11] . Weel et al., (2016) and Kovo et al., (2012) reported increased prevalence of syncytial knots in PE placentas but with a significant difference between early and late onset PE than between late onset one and control group [2, 7] .
Syncytial knots are reported as a form of trophoblastic hyperplasia as result of hypoxia [7] .
Considering villous infarction, our results were comparable to Vinnars et al., (2011) who reported that the amount of infarction significantly increased with the severity of PE rather than gestational age with a significant difference between PE and normotensive pregnancies [12] . On the other hand, Weel et al., (2016) and van der Merwe et al., (2010) stated that late-onset PE and normal term placentas have fewer differences [3, 7] . The placental infarcts may be due to occlusion of spiral arteries by thrombus, strangulation of the placental villi due to increased perivillous fibrin deposition and/or impairment of the fetal circulation due to fetal thrombotic vasculopathy [1] .
As regard perivillous fibrin deposits, Stark et al., (2014) reported results similar to ours [13] . Increased perivillous fibrin deposition can be due to increased activity of plasminogen activator inhibitor type 1. Some of the PE related complications may be explained by defective exchange of nutrients and gas at fetal maternal interface due to excessive deposition of fibrin [5] .
We didn't encounter a difference in the percentage of terminal villi between normal and PE. On the contrary, Sankar et al., (2013) , Predoi et al., (2015) and Weel et al. (2016) reported that the density of the terminal villi was significantly higher in PE. This may be explained by the presence of a population of early onset PE in their study group [1, 7, 8] . [6, [14] [15] [16] [17] [18] . This can suggest that whatever the time of onset of PE the pathogenetic mechanisms are nearly similar. Increased apoptosis may be due to molecular defects in cytotrophoblasts; namely, reduction in syncytin 1 gene expression. In addition, it is expression of oxidative stress triggered by placental hypoxia [5, 19, 20] .
Being a co-receptor for transforming growth factor beta (TGF) 1 and 3, endoglin (CD 105) is known to affect vascularity. Endoglin expression in tumors is known to promote angiogenesis. On the other hand, serum endoglin is well known for its antiangiogenic effect, being one of the causes of systemic endothelial dysfunction in PE [21] .
In the current study, we have found a significant difference in the expression of (CD 105) between PE and normal placenta with increased expression in PE both in cyto and syncytiotrophoblasts of villi but not in the endothelial cells of fetal blood vessels.
These results were similar to those reported by Jeyabalan et al., (2008) , Fang et al.,(2010) and Shchyogolev et al. (2012) [22] [23] [24] . On the contrary, Weel et al., (2016) reported no difference between early onset, late onset PE and control group [7] .
It has been suggested that endoglin (CD105) gene transcription is upregulated by hypoxia secondary to upregulation of hypoxia inducible factor (HIF)-1α protein and TGF beta [25] [26] [27] .
The same factors may lead to upregulation of vascular endothelial growth factor-A (VEGF-A) to stimulate angiogenesis. This may help to restore fetal placental circulation [28] .
On the other hand, Mano et al. 2011 reported that endoglin (CD105) decreases the invasive function of extravillous trophoblasts that may contribute to the shallow trophoblastic invasion underlying the development of PE [29] .
Whether it has a role in the pathogenesis of PE or it is a compensatory mechanism for placental hypoxia needs further declaration.
Despite the significant overexpression of endoglin (CD105) that is expected to be correlated with angiogenesis, in the present study we found MVD in PE to be comparable to control group. Similarly were the results reported by Li et al., (2015) [30] .
On the other hand, other investigators reported decreased microvessel counts in PE placentas [7, 9, 11, 31, 32] . These studies included population of early onset PE and reported poor fetal outcome with FGR and still birth.
Although the reduction in angiogenic factors (placental growth factor PIGF and VEGF) secondary to increased trophoblastic apoptosis was expected to be associated with a reduction in MVD, it seems that this reduction is compensated for by angiogenesis due to placental hypoxia. Whether this compensatory effect is related to endoglin (CD105) overexpression isn't clear and can be a matter for further research especially, we haven't seen the reaction for endoglin in the endothelial cells [7] .
The comparable figures in MVD between normal and PE placenta may explain why some cases of PE especially late onset ones may not be associated with FGR.
CONCLUSION
We concluded that placenta from late onset PE without FGR still different from the normal placenta.
Whatever, the onset of PE pathogenesis may be similar? Absence of changes in MVD may explain good fetal outcome.
